Bone-forming cells are known to be coupled by gap junctions formed primarily by connexin43 (Cx43) and to a lesser degree by connexin 45 (Cx45) [1] [2] [3] [4] . It has been shown that expression of Cx43 in osteoblasts, osteoclasts and osteocytes is highly responsive to mechanical loading, suggesting a role of gap junctions in mechanical signal transduction of bone [5, 6] 
showing that functional Cx43 is required for normal bone mass acquisition and maintenance and is involved in the mechanism of action of parathyroid hormone (PTH)-induced anabolism [9, 10] . Unfortunately, skeletal remodelling could not be studied in this model because all Cx43-deficient mice died shortly after birth due to major heart malformation. Therefore, the role of Cx43 in osteoclasts has so far only been studied in rodent bone marrow cell cultures [11, 12] . Results 
Materials and methods

Reagents
Standard laboratory chemicals were from Merck (Darmstadt, Germany) and Sigma (Deisenhofen, Germany). Na-heparin was obtained from Roche (Mannheim, Germany). Ficoll-Paque came from Amersham Pharmacia Biotech (Uppsala, Sweden). ␣-minimal essential medium (MEM), foetal bovine serum (FBS), penicillin-streptomycin-solution, recombinant human macrophage colony-stimulating factor (M-CSF) and trypsin (10ϫ) were purchased from Sigma (Deisenhofen, Germany). Phosphate buffered saline (PBS) was from GIBCO BRL, Life Technologies Inc. (Rockville, MD, USA). Soluble recombinant human receptor-activator for NfB Ligand (RANKL) came from Peprotech Ltd. (London, U.K.). Anti-Cx43 antibody came from Sigma (Deisenhofen, Germany). Rhodamine-phalloidine and secondary fluorescent antibodies were obtained from Molecular Probes (Leiden, The Netherlands). Fluorsave came from DAKO Diagnostika (Hamburg, Germany). Heptanol came from Fluka (now Sigma-Aldrich, Switzerland).
Dentin
Dentin (ivory) was kindly provided by German customs in accordance with the international laws for the protection of species. 
Media, solutions, buffer
RT-PCR analysis
TRAP-staining and cytomorphometry
Cells were fixed for 5 min. in 3.7% buffered formaldehyde and air-dried for 2 min. The cells were stained in TRAP-staining solution for 10 min. For the determination of cell numbers and nuclei per cell, we counted the cells in five randomly assigned independent fields of view, using a Zeiss
Results
Cx43 expression in human osteoclasts and precursor cells
First we studied the mRNA expression of Cx43 by semi-quantitative RT-PCR in a time course experiment of osteoclast differentiation. We started with mononuclear precursors from buffy coats (Fig. 1A) and stimulated the cells over 28 days with RANKL and M-CSF, when fully differentiated osteoclasts were observed (Fig. 1B) which had the ability to resorb dentin (Fig. 1C) [14] . As internal control of the differentiation process, we determined the expression of CA-2 at day 1 and after 3, 14 and 28 days. As expected, we found a time-dependent up-regulation of CA-2 in our cultures, suggesting progressive osteoclast differentiation (Fig. 1D) . When we looked at Cx43 expression at the same timepoints, we found a strong expression of Cx43 in the early phase of differentiation to osteoclasts and a subsequent down-regulation in the later stages (Fig. 1D) . When we performed the same cultures only with M-CSF, without the addition of RANKL, Cx43 expression was completely depressed already at day 3 of culture ( Fig. 1E) Fig. 2A-C) . When we sectioned these cells with the confocal microscope at different planes ( Fig. 2A bottom of cells and Fig. 2C Fig. 2F and higher magnification Fig. 2G ). (Fig. 3C) (Fig. 3D) 4B ) and Paget's disease (Fig. 4C) ; we observed a very strong staining for Cx43, especially in the pathologically enlarged osteoclasts.
top of cells), we saw that Cx43 was distributed throughout the whole cell. Next, we looked at Cx43 protein expression at day 28 of cell culture in presence of M-CSF and RANKL. The staining in the precursors with fewer than three nuclei was much stronger than in the fully differentiated multinucleated osteoclasts at day 28, confirming our results from the RT-PCR on a protein level (Fig. 2D and E). Strong staining with the typical punctuate distribution of gap junction channels was observed at cell-cell contacts between some of the multinucleated cells with mononuclear precursors, which were localized on top of them (arrows
Gap junctional influence on cell number and multinuclearity of human osteoclasts
To further study the effect of gap junctional communication on the differentiation of human osteoclasts, we blocked the gap junctions with heptanol (Fig. 3). There was no significant effect of heptanol treatment on the number of cells in our cultures (data not shown) or the number of TRAP positive (TRAP ϩ
) cells
(M-CSF) and RANKL (D). A progressive increase of CA-2 indicates differentiation of the cells to active osteoclasts. Expression of Cx43 progressively decreases in the course of differentiation (semiquantitative RT-PCR, normalized to ␤-actin as housekeeping gene). (E) Cultivation without the addition of RANKL leads to loss of Cx43 signal already at day 3 (semi-quantitative RT-PCR, normalized to
Expression of Cx43 in human bone
Discussion
We report here the expression of Cx43 in human osteoclasts and osteoclast precursor cells in vitro and in vivo. So far, Cx43 expression has only been studied in fully differentiated osteoclasts of rodents [11] [12] [13] 15] [13, [19] [20] [21] . Heptanol leads to a decreased probability of open gap junctions [22] . 
